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n DECLARA TION OF ARTHUR M. BRUSKIN UNDER 37 C.P.R. SI. 132 

I, Arthur M. Bruskin, hereby declare as follows: 

1. I am Director of Cancer Research with Oncogene Science, 
Inc., the assignee of record of the above-identified 
application. 



2. I am familiar with the Drebin, et al. reference, Nature 
312:545-548 (1984), which was cited by the Examiner in 
the October 27, 1992 Office Action issued in connection 
with the subject application. 

3. On December 3, 1990, I submitted a declaration 
substantially identical to this declaration in connection 
with U.S. Serial No. 297,188, filed January 13, 1989, of 
which the parent of the subject application is a 
continuation-in-part . 



In December 1990, I was Group Leader for Cancer 
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Development Projects at Applied bioTechnology , Inc., now 
a subsidiary of Oncogene Science, Inc., but at that time 
an independent company. While I held that position, an 
experiment was carried out under my supervision and 
control to compare the specificity of the antibody 
referred to as 7.16.4 in the cited Drebin, et al. 
reference, with the specificity of the antibody to human 
Neu designated in the subject application. The PB3 
antibody is of the same subtype as the Drebin 7.16.4 
antibody and the same procedure was used with both 
antibodies. 

The 7.16.4 antibody used in this experiment was obtained 
from Oncogene Science, Inc. which sold it as c-neu (Ab- 
4). A copy of the data sheet for antibody c- neu (Ab-4) 
which accompanied the purchased antibody is attached 
hereto as Exhibit 1. This data sheet shows that antibody 
c- neu (Ab-4) is from clone 7.16.4. 

The following cell lines were used in this experiment: 

A. Cell lines A431, MCF-7 and SK-BR-3 were obtained 
from the ATCC and cultured as recommended. The 
ATCC catalog numbers and descriptions are attached 
as Exhibits 2, 3 and 4, respectively. 

B. Cell line DHFR-G8 was obtained from the laboratory 
of Dr. Robert Weinberg. This cell line was 
generated by the transfection of NIH-3T3 cells with 
the rat neu proto-oncogene . A copy of the data 
sheet for this cell line is attached hereto as 
Exhibit 5. 
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C. Cell lines A431 and MCF-7 are described in 
Schechter, et al., Nature 312:513-516 (1984), a 
copy of which is attached hereto as Exhibit 6. 
Table 1 on page 514 describes immunof luorescent 
staining of rat and human cells and indicates that 
antibody 7.16.4 did not stain human cell lines A431 
and MCF-7 . 



D. Cell line DHFR-G8 expresses high levels of rat Neu 
protein as described by Hung, et al., Proc. Natl. 
Acad. Sci. 83:261-264 (1986), a copy of which is 
attached hereto as Exhibit 7. This reference 
discloses that rat Neu protein was detected by 
antibody 7.16.4 (See Fig. 2, lane 12). 

7. The following procedure was followed in this experiment: 

A. Subconfluent plates (6 cm) were incubated for 3 0 
minutes in DMEM. The medium was replaced with 5 ml 
of methionine-f ree DMEM to which was added 250 txCi 
of 35 S-methionine. After incubation for 4 hours at 
37 °C the cells were lysed in 1 ml of lysis buffer 
(10mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.5% NP-40, 10 
mM BME) . After centr if ugation to remove nuclei and 
cellular debris, the lysate was divided into two 
equal aliquots. 5 (iq of antibody, either Ab-4 
(7.16.4) or PB3 was added to the cell lysates and 
incubated at 4°C for 1 hour. 50 m1 of protein A 
Sepharose was then added and the incubation was 
continued for an additional hour. The lysate was 
then diluted with 1 ml of lysis buffer and the 
protein A Sepharose was collected by 
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centrif ligation. The protein A Sepharose was washed 
three times with 1.5 ml of RIPA buffer (10 mM Tris, 
pH 7.2, 500mM NaCl, 1% Triton X-100, 1% Na 
deoxycholate, 0.1% SDS, 5 mM EDTA) and once with 
water. The washed protein A Sepharose was 
resuspended in 2X SDS sample buffer and heated at 
100°C for 10 minutes. The resulting material was 
electrophoresed on a 7% SDS-PAGE. The resulting 
gel was treated with Enhance (Dupont, Cat. #NEF- 
981) according to the manufacturer's instructions. 
The dried gel was exposed to X-ray film for 4 days 
(or 4 hours referred to as "Short exposure") . A 
photocopy of the gel results is attached hereto as 
Exhibit 8 . 

8. In Exhibit 8 the lanes represent the following: 



Lane 0 : Markers 

Lane 1: A4 31 lysate immunoprecipitated with Ab-4 
(7. 16.4) . 

Lane 2: A4 31 lysate immunoprecipitated with PB3 . 
Lane 3: MCF-7 lysate immunoprecipitated with Ab-4. 
Lane 4: MCF-7 lysate immunoprecipitated with PB3 . 
Lane 5: SK-BR-3 lysate immunoprecipitated with Ab-4. 
Lane 6: SK-BR-3 lysate immunoprecipitated with PB3 . 
Lane 7: G8 lysate immunoprecipitated with Ab-4. 
Lane 8: G8 lysate immunoprecipitated with PB3. 
Lane 9: SK-BR-3 lysate immunoprecipitated with PB3 

(short exposure) . 
Lane 10: SK-BR-3 lysate immunoprecipitated with Ab-4 

(short exposure) . 
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9. The results of this experiment are displayed in the 
following table. 



Results 



Drebin Human Neu 



Cell Line 


Description 


Antibody 
(Ab-4) 


Antibody 
(PB3) 


A431 


Human cervical 
carcinoma line 




+ 


MCF-7 


Human breast 
carcinoma line 




+ /* 


SK-BR-3 


Human breast 
carcinoma line 




+ 


DHFR/G8 


Rat neu transfected 
NIH3T3 cell line 







+ Means binding is present 

- Means antibody binding not seen 

* Very small amount can be seen in original figure. 



10. This experiment demonstrates that the Drebin antibody 
7.16.4 does not bind human Neu. Even in the cell line 
SK-BR-3, which expresses high levels of human Neu, the 
7.16.4 antibody does not bind human Neu. In addition, 
this experiment shows that the human cell lines A431 and 
MCF-7 express detectable levels of human Neu when assayed 
using the PB3 antibody. This result is in contrast to 
that disclosed in the Schechter, et al. reference, 
Exhibit 7, which indicates that antibody 7.16.4 did not 
stain human cell lines A4 31 and MCF-7. Further, as shown 
in Exhibit 8, lanes 7 & 8, immunoprecipitation of lysates 
from DHFR/G8 cells demonstrates that although rat Neu is 
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detected by the 7.16.4 antibody, it is not detected by 
the PB3 antibody. 

I hereby further declare that all statements made herein of my own 
knowledge are true and all statements made on information and 
belief are believed to be true, and further that these statements 
are made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such 
willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Date: 




MONOCLONAL ANTIBODIES TO 
ONCOGENE PROTEINS 



BACKGROUND ; 



ORI6IM : 



HOW SUPPLIED; 



rtt&PAfTERTSTICS: 



Amplification of the human proto-oncogene c-neu (1) has been 
reported to occur In approximately 30% of breast carcinomas 
and measurement of the amplification has been proposed as a 
useful predictor of disease prognosis (2,3). Although there 
is general agreement that c-neu overexpression occurs in breast 
carcinoma the exact extent of c-neu involvement and its 
prognostic value remain controversial . Gene amplification and 
the resulting overexpression of proto-oncogene encoded 
p 185 c-tfiu thought to transform cells by chronically 
stimulating signal transduction pathways (4»5), and in model 
systems overexpression of human c-neu Induces cellular 
transformation (6). In the rat model system, a point mutation 
has been located within the transmembrane domain of the c-neu 
oncogene (7). 

Clone 7.16.4 (M. Green University of Pennsylvania) was derived 
by immunization of C 3 H/HeJ mice with cells over expressing rat 
c-neu gene product, and fusion of mouse splenocytes with 
NS-1 myeloma cells (8). 

c-«eu (Ab-4) 1s purified from mouse asdtles fluid by non- 
denaturing liquid chromatography. Each vial contains 100 jig 
mouse IgG, in 1.0 of 0.0SM sodium phosphate buffer containing 
0 1% sodium azide and 0.2* gelatin. Following the protocols 
provided this amount of IgG should be sufficient for 100 
Immunopreclpltation or immunohistochealstry procedures. 

Store at 4'C, do not freeze. If stored under proper 
conditions, the product is stable for one year from the date 
of shipment. For research use only, not for use in diagnostic 
procedures . 

c-neu (Ab-4) immunoprecipltates 185,000 molecular weight rat 
c-neu product and stains formalin- fixed paraffin- embedded 
tissue sections of rat cells overexpresslng the c-neu protein 
(8). This antibody does not inhibit 1n vitro proteln-tyrosine 
kinase activity. 

C1990 Oncogene Science, Inc. 

Cat. # 0PI6 



CELL REPOSITORY LINES - CRL 



ATCC CRL 1S47 MNNG/HOS (TT8S. elooe F-5) 

AIUV (Chemically iraiuformed. human osteogenic sarcoma) 

^ ril l ~~T*7, u _ rof MO pegatlocn Eagle', MEM with non-essenual amino acids and Earle s BSS. 90%; 

tPasaate Frown: 40. Current medUun }J^P"? MNN0 ^ os u a chem ie*Uy traniformed (MNNG 0.01 mc^ml) cU Une 
fetal bovine serum. 10%. A«Wo«^ JofonaaU •■• £^ 'c^ iui female. It has a high saturation density, a high plating 
^4T^ 0 ^ 8 ^;^u« Zon ii STm^ Referent Nature 2* TjUl. .975: Int. J. Career /* 505- 
So?1977. Subnsitted by: J.S. Rhim. NCI. NIH. Betheada. Md. 

lTrrn t itii H-4-II-E (Rat hepatoma, Rcuber H35) , 

ATCC CRL 15*1 n cJ^^^ for pxopegatioeu Eagles MEM with non-easenual amino aodi and Earle s 

tPaseagt Froxen: 8 at ATCI-. ,z£*Vr r ZrZrTl(K(,. Additional Information: Thia tine, which haa been cured of Mycoplatnu 
BSS. 80%; fetal bovine ^J*^-^, XcVJo^ydroxyLe inducibility (I* Vitro li: 230, 1980). It is u«ful 
4rr«/u ? 9Um f m ^SL 9 SSS^ SoSnu > of btoYo^Lurpoten. planar potyehlorinated organic compounds in food 
•» » indicator for ^^^^-^^"eu M for'nuSJ on hormone-induced enryme synthesi*. Reference*: Nat. 
extracts and other en^roo^^ ««P^.^u we£ aa ^ A o*L Cham. 62: 904-916. 

^BicTh^^^ WMhiB * 0a - ° C 

ATCC CRL ,550 c^^i^oT^S^p'^^: fetal bovine serum, 10%. AddWo... Info,..*** 

tPaauc« Frozen: lA \\. C m ^^T~^^ Q ^T^ nQ ma o( the cervix metastic to the small bowel mesentery of a 40 year- 
T^« U ^^T^^T£^L^^l^ot human chorionic gonadotropin (beta-hCG) and express tumor- 
a^oc^eT^g^ £!? X coa'a.TSpD type B. Reference: Science 196: 1456-1458. 1977. Submitted by: R.A. P.tullo. 
Medical College of Wisconsin, Milwaukee, Wise. 

MOLT-3 (Human peripheral hlood, acute lymphoblastic leukemia) 
ATCC CRL 1552 Unta ^ > B LT c ^^ MB Tfor propagation: RPMI 1640. 90%; fetal bovine serum. 10%. Add.donal 
2^de?MOLT-3 b a suspS cuTture derived from the peripheral blood of a 19 year-oW 1 male wnh acute lymphoblastic 
Iaformatwa. « » «»P«™« T u , eukelni4 . the cells bind with sheep erythrocytes to form rosettes. The 

leukemia in rei *^ ' l ""2^^ mm foTthb cell fine a high. Neither immunoglobulins nor Epstein-Barr virus were 
^^^R^^l S^^^9:%l^5, 1972. Submitted by: J. Minowada, RosweU Park Memorial Institute. 

Buflaio. N.Y. 

ATCC CRL 1554 , 00 ?™ j"T^^C^clSiot medium foe propagation: Eagle's MEM with non-essemial amino 
JSSV^SSSt BSS 5b£ Ww& A ^£* loE^SS Infc^S: BUD4US a fibrobto-Uke ceU line derived 
if** ? S^U, white female. This cell Ene ha* been found to be highly sensitive to human interferon 

from k «he norm-J ltta-rf « * ^oTitt assay. References: J. BioL Stand. 7; 383-395. 1979. Grauberg, S.E. P. Jamewn. 

ud hu been P^P*?^^^^' Method »^ the Development of Standard Procedures: A ennque and analysia of 
and J.J. ^^J^^SSSS IndW ofinterfenm foe the treatment and prevention of human virus infections. 
T^u^Xr?^ Submitted by: B.W. Uhlendorf. NIMH. Bethesda. Md. 

ATCC CRL 1535 A*" fif^if^lZLxa* modified Eagle's medium with 4.5 g/L glucose 90%. 

IZT^Jl ^ iwT^^'^^^ epidermoid carcinoma cell Une A^3I derived from « 85 yaar-oU 
fetal bovine serum, "^^"^IBnes mabushed from solid tumors by DJ. ©aid. it aL The ceU line produced rapidly 
femak. * one of « ^ °f «?thvm^^iSSreated NIH SwUs mice and formed colonies on normal fibroblast, 
^?*^™J^T^£™\^l^S^> DJ- Curd, MIT, Cambridge. Mass. and 

S.A. Aaronaon. NCI. NIH. Bethesda, Md. 

L^m. iSTaIiT^ cU line was established by M. Daniel moA D. Jackman m 

5" 1 ^ .^f^m an%owen^ormal*dult female Owl monkey. The line ha* undergone nearly 100 serul subculuvauoo. 
November 970 from ^W"^*™™" ™ ^ dence o{ U ieiu agents. The cell Une has been useful for propagation 
in the denv,ng vnvestig.tots lab^O^th no e^dence o ^any^ ^ mari ^ „. „ eles (we ATCC VR-606, 608 and 

S«b«^X M M P D m D^iel^ i^Primue Re*.rch Center. Harvard Medlea. School. So»thboro„gh. 
Mass. 

ATCC CRL 1566 ""m"? Scc 0 ^-^- 0 ^ propagation: Dulbecco^i modified Eagle', medium with 4.5 

tPa-age F^"^^ 1 * A ^^for«Uo«: TheSCCl clonal cell Una was derived by G. Martin in Augu« 
g/L glucose. 90%; calf ^senmi, IM. ^ a, ™^ , J ' , a7J) from m0UM teratocareinoma eells obtained from a spontaneous 
1974 (Proe. Nat. Acad. *«vUSA W.J44I 1445. W3> IaU . „ : I2 S7. 12 76. 1958). This embryonal carcinoma line doe, 
rSrcS a*aS .^LSCt w£ or ^ v/rro. The original tumor was a pur. embryonal carcinoma w.th 

f The passage number listed applies to material available for distribution as of December 31. 1987. 
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HUMAN TUMOR CELL BAN. 



ATCC HTB 19 (continued) 

Node mouse: Forms grade II adenocarcinomas consilient with primary nummary c sneer , 
HLA cell lint pbeaofype: Al; Bwl6*/-. 

REFERENCE SEED STOCX PREPARED AT ATCC 
Number of Serial Subcultures from Tissue of Origin: 286. 
Frcase Medium: Culture medium. 95%; DM SO, 5%; antibiotic-free. 
Viability: 97%. 

Culture Mtdiua: Eagle's minimum essential medium with non-eisenual amino ac idv sodium pyravau and Earie j BSS. 90%- 

fetal bovine scrum, 10%; antibiotic- free. 
Ieoensymes: PGM*. I; PGMt, I; ES D. I: AKI. 1-* G6PD, B; CLO-t. 1-2. 
Pbaaorypc Frequency Product: 0.01 1 5. 

Sterility: Tesu for mycoplasma, bacteria and fuse' were negative. 
Species: Confirmed as human by isoenzyme analysis. 

ATCC HTB 20 BT-474 (Ductal carcinoma, brwt Human) 

Correct medium toe or ope radon: RPMt 1640 with bovine insulin. 10 j/g/mL and gruuminn, 300 mg/L, 90%; fetal bovine 
scnun. I0%> 

The BT-474 one was isolated by E. Lasfarguas and W.G. Coutinho (J. Nat. Cancar Inst 61: 967-978, 1978) from a toBd, 
invasive ductal carcinoma of the breast obtained from a 60 year-old female patient. The ceils varied greatly in size and bad' 
large nuclei with one or more nucleoli Microtubules, microvilli, tonofibrils, lysosomes, otmiophilie secmory granules, desmosomea, 
tight and gap junctions were observed in preparations examined by transmission electron microscopy. The BT-474 i* reportedly 
tumorigenic in athymie nude mice and will form nodules in Amsterdam/ IMR rats with regression in 10 days. This epithelial 
cell tine was found to be susceptible to mouse mammary tumor virus (RIII-MuMTV) and can support its replication (In Vitro 
IS: 723-729, 1979). 

CHARACTERISTICS REPORTED FOR TRANSFERRED STOCK 
Padent Data: Age -60; Sea-Female; Race-Caucasian. 
Treatment: Surgery. 

Grown as: Adherent patches of epithelial cells. 

Morphology: Epithelial (compact, multi-layered colonies, rarety become confluent). 

Karyolofy: Mode 55; range 50*1 12 (originator). Btomodal shift 58*59 and 100 in later passages with 3 marker chromosomes 
(Peterson). 

REFERENCE SEED STOCX PREPARED AT ATCC 
Number of Serial Subcultures from Tissue of Origin: SI. 
Freeze Medium: Culture medium, 95%; DMSO. 5%. 
Veebfltty: 85-95%. 

CoJtore Medium: RPMI 1640 medium, 90%; fetal bovine serum, 209b bovine insulin, lOpg/ml; glutamins, 300 mg/L. 
la oes uiu se s i G6PD, B; PGMu 1; PCMn 1; ES D, 1; Ms-2, 0; AK1. 1; GLO-l, 1. 
Pbsnocype Frequency Product: 0.0426. 

StarOtty: Tests for mycoplasma, bacteria and fungi were negative; 
Specter Confirmed as human by isoenzyme analysis. 

ATCC HTB 22 MCF7 (Breast adenocarcinoma, pleural effusion. Human) 

Current medium for Dcooatartom Eagle's MEM with non-essential amino adds, sodium pyruvate and Earie *s BSS, 90%. fetal 
bovine serum, 10% 

Ceils from the pleural effusion were seeded in Eaglet minimum essential medium with non-essential amino acids, 20 v% 
insulin per ml and 20% bovine calf serum for derivation of this line (H.D. Souie tt eX. J. Nat. Cancer Inst. SI; 1409-14(6. 
1973). It has retained several characteristics of differentiated mammary epithelium including ability to process estradiol via 
cytoplasmic estrogen receptors and the capability of forming domes. 

A culture at passage 138 was donated to the ATCC by CM. MeOrath in April, 1912. He has indicated that the tine may 
harbor B- or C-type virus information and should be handled, therefore, as a potentially biohazardous agent. 

REFERENCE SEED STOCK PREPARED AT ATCC 
Patient Data: Age-69; Sea-Female; Race-Caucasian; Blood Type-O*. 
Treatment: Radiation and hormone therapy. 
Grown as: Monolayer; transferred 1:2 weekly. 
Morphology: EpitheHeMike. 

KaryoJogy: Chromosome Frequency Distribution 50 Cells: 2n » 46. 

Cells: 1122423135746322 

Chromosomes: 66 70 72 73 75 76 77 78 80 81 82 13 34 85 S6 87 

The stemline chromosome numbers ranged from hypenriploidy to hypotetrapioidy, with the 2S component occurruif *i i% 
There were 29-34 marker chromosomes per S metaphase, of which 24-28 markers occurred in at least 30% of ceik. aod 
generally one large submetacentric (M t ) and 3 targe tubtdocentric (Mi, M* and M#) markers were recognrranle ia <r**r 
80% of metaphases. No DM** were detected. Chromosome No. 20 was aullisornic and X was disomie, 
Isoeaaymes: PCM,, I; PGM., 1-2; ES D. 1-2; AK1, 1; GLO-I, 1-2; G6PD, B. 
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HcoaN TUMOR CELL BANK - HTB 

i^m-: Me-2. 1: PGM* 1-2; PGM,. I; ES D. I; AK1. I; GLO-l. 2: C6PD. B. 
EZooCtpe FrewfKT Product: 0.0241. 

JSSfT«uformycopU.m«. bacteria and fungywere negauve. 
Spcda: Confirmed « human by isoenzyme analysis. 

tree HTB 30 SKBR-3_ (Adenocarcinoma, breast, maUgunt pleu ral effusion, Humin) 

JltTLSSJ Z£?JZ ?£ STKJ -i! ^McCoy, 5. with .(MS* feul bovine lerum. A 

SSS at PWg c 6 w. ^gf^^^^ TRANSFERRED STOCK 

Palteot D.U: Age-t3: Sex-Female; Rac*<«ucasian; Blood Type-A*. 
Treatment: Radiation, neroids. Cytoxan, S-ftuorouracu. 
Craws a: Monolayer, transferred 1:4 weekly. 

HLAcJfLbK Pbenotype: All: "^eFErSce'sEEO STOCK PREPARED AT ATCC 
Number of Serial Subculture* from Tteue of Orifin: 24 
Fr^M«Uum: Culture medium. 95* DMSO. 5* antibiotic-free. 

eSS^SL^ McCoy. 5. mrfium g~^W£**£^ "* 

lM«a 7R iea: PGM,. 1; PGM,. 1-2; ES D. I; AKI. 1-2; GLO-I. 2, G6PD, B. 
Pbeaotype Frequency Product: 0.0044. 

S«»yiTesufor mycoplasma, bacteria and fungi were negative, 
SMdcu Confirmed as human by isoenzyme analysis. 



A-rrr HTB 31 C33 A (Carcinoma c«rri«. Human) _ 

^ ■ir.-L,..^ «- ^..non: Eagle's MEM with nonessential amino acid, and sodium pytuvau, 90* feul bovine scrum, 

,0 *" , . . r«~ atcC CRL 1594 and 1595) derived by N. Auenperg from cervical cancer 

C-33 A U on. of a "^g^™^^ ^ n il y on W.ymouth* 752/1 median. 10% feud bovme senun. 

biopsies (J. Nat. Cancer In*. ^"^'n^^^J^ , hypodiploid karyotype initially ma an epithelial morphology. 

was provided by the onpoato^^mt^of ^ R£pORTED fQR transferred STOCK 

Fmtsent Dau: Age-60; Sex-Female; Race^aucasian; Blood Type-A\ 
Grown as: Monolayer, transferred 1:10 weekly. 
Morpboiocr- Epithelial-like. . . 

ZsV^ooTHypodiploid to hypotetraploid (originator). 
tiTurl Cytop^rhotety: (P9«> Undifferentiated carcinoma cells. 

Node mouse: Form. urul.fTercnu^ed^c^m*.^ ^ PREPARED AT ATCC 

Number of Serial Subculture, from Tissue of Origin: 93. 

Fr^e MedlumTculture medium, 95%: DMSO. 5%: aniibiouc-frre. 

«2a-: Eagle', minimum essential medium with non-cemial amino acids and sodium pyruvate. 90%; feul bovine 
I^n^Me-2. 2; PGM^ PGM,. 1; ES D, 1; AKI, I; GLO-I. 2; G6PD. B. 

S^y^I^rrSco^^a^u and fungi were negative. 

Sped** Confirmed a« human by iiocruyme 

Blood Croup Antigen: Confirmed as A on cultured cells. 
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Call Line Database Information 



Data o* Vrlat: Friday, July 13, 1990 



ZD Number 


Call Nino 


Tie sue 


137 3 


G/DHTR-8 




N 


IH3T3 


Spa 


ei«9 


Aquired 


Entry Data 


Alt Name 


Mouse 


5/8/85 


5/17/89 


DHFR-G8 



rrt.ttf/Vlali : 14/22 

rree«es:9026 8746 8369 7668 5334 5961 3957 5951 6485 5844 10254 5331 



Genea Transferred 



Hon- trans forming agent: 

Transection; cNu (cosmid clone of normal neu gene <G) ) ;metallochionine 



Source 



Kien-Chie Hung, Weinberg Lab 



Reference 



PHXS (86) 83:261 



Culture Condition* 



Media: DME 

Supplements: 10% CS, 0.3 uM MTX 



NATURE VOL 312 6 DECEMBER 1PM 



molecules per cell. -100 of which therefore will be m the 
S i7J form. From the quantum flux of blue light used for me 
stimulus i Fig. I ) and the measured S, 73 extinction to tne stimulus 
spectral range (Fig. 2ft), we calculate the S ?T j population in tne 
averaae ceil will absorb only about two photons in the --s 
period over which reversals were assessed. Talcing the quantum 
efficiency for photochemical reaction to be 0.5*0.2, cov /" ng 
the range of all known retinal pigments, only -0.7- -t. 4 b,ri 
molecules per ceil on average would be activated photocnemi- 
caily by a stimulus which causes over 50% of the ceils to respond. 
Therefore photoexcitation of a single S 3T3 molecule appears to 
be sufficient to alter the cell's swimming behaviour. 

The ceil is at least an order of magnitude less sensitive to 
attractant than repellent lighr- 1 . In our interpretation this means 
the amplification of the S )73 signai by the signal transduction 
machinery (Fig. 4) is at least 10x greater than that of sRw The 
relative amplification in the two signalling pathways may depend 
on the specific conditions and stage of ceil culture growth 
(unpublished observations). 

The colour-sensing mechanism described here depends on 
the existence of two spectraily-dUunct signalling forms of the 
same receptor. This could be a unique property of the sensory 
rhodoosin of haiobacteria. Alternatively, the sensory rhodopsin 
mechanism mav reflect an inherent potential of retinal /protein 
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complexes— photoreversibility of photoconversion products of 
the retinai/oosin chromop ho re— important to the evolution of 
the rhodopsin family as photosensory receptors. Even retinal 
pigment photoproducts which are too short-lived to accumulate 
under physiological conditions (such as die fC L and M inter- 
mediates formed from bacteriorhodopsin and the early photo- 
products formed from mammalian rod rhodopsin ) are photo- 
reversible. Invertebrate rhodopsins, like sensory rhodopsin and 
the non-retinal plant chromoprotein phytochrorae, are photo- 
chromic: that is, they have photoreactions with thermal relaxa- 
tion sufficiendy slow to cause significant photostationarv state 
accumulation of their photoreversible conformations * . The 
sensory rhodopsin mechanism, preserved in the archaebac- 
tenum H. haiobium, may have provided a primitive colour- 
sensing capability. In the evolution of visual systems, this 
mechanism may have been maintained in some organisms but 
replaced in others by muitipie receptor mechanisms with 
increased colour resolution. 

We thank W. Stoeckenius, U Stryer, E. Spudich and S. Sund- 
berg for critical reading of the manuscript and J. ICorenbrot for 
use of his infrared-sensitive video equipment. This work was 
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grant NSG-7151 and NSF grant PCM-83I6139 (ILA.B.). 
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A series of rat neuro/ glioblastomas ail contain the same transforming gene (ncu) which induces synthesis of a tumour 
anmen of relative molecular mass (MJ 185,000 (pl85). The neu oncogene bears homology to crb-B and the tumour 
antigen, pi 85, is serologically related to the epidermal growth factor (ECF) receptor. The two proteins, EGF receptor ana 
pl85 appear to be distinct* as they coexist in nontransformed Rat-l cells. 



Gene transfer (transfection) has revealed the presence of 
oncogenes in the genomes of a variety of spontaneous and 
chemically induced tumours. Many of these oncogenes are allelic 
versions of one of the three genes belonging to the ras gene 
family. In several cases, the functional differences between these 
oncogenes and their cognate proto-oncogenes derive from single 
nucleotide changes, mutations which apparently have occurred 
in the target tissue as one of the steps of carcinogenesis ( reviewed 
in refs 1, 2). 

We have been investigating a family of transforming genes in 
the genomes of several rat neuro/gliobiastoma cell lines derived 
from tumours mauccd by ethylnitrosourea (ENU)\ Injection 
of pregnant BDIX rats with this carcinogen during day 15 of 
gestation results in the appearance of neuro/ glioblastomas in 



the offspring. DNA prepared from four neuro/ glioblastoma ceil 
lines transforms NIH3T3 ceils when introduced by transac- 
tion 4 , but Southern blot analysts of the genomes of the trans- 
formed ceils gave no indication of the presence of acquired ras 
oncogenes (A.I-S. and unpublished results), suggesting 

that a rcu gene was not involved in the transforming activity. 

The four independently activated neuro/gliobiastoma 
oncogenes exhibited a common pattern of sensitivity or resist- 
ance to inacuvation bv restriction enzyme cleavage (C. Shin and 
R.A.W., unpublished' data), suggesting that all are allelic ver- 
sions of a common antecedent gene. We have applied the term 
*neii" to this grouo of aoparently related genes. 

These neuro/giioblastoma oncogenes are ^ associated witn 
the expression of a common tumour antigen 3 . NIH3T3 *-ei s 
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transformed by n« oncogenes were used to s ^ tU h ^ e |" 
voun, mice, the sera from P*g» ? «K) P from lysates of 

of relative molecular mass ( M,) l83 - uu " '° a onC ogenes. 

an NIH 3T3 Une, ««^^^£5SS « — 

This protein, designated pi 85. *as ac j ^ vanous 

formed NIH 3T3 ^eilsnor - NIH f^^, NlH 3T3 

roi oncogenes. Furthermore, wnen reactivirv to 

cells were used to seed tumours ,n mice no serum 

o 1 85 was induced. Thus, synthesis of pi 85 is str ^/ *~ « 

with thence of the -^^JJ^'S^c.U-tar 

Resulu from several laboratories have snowr i ma 
homologues of certain oncogenes first > enufied n re 
genomes are also important m the «« n "" ° f ^^Qneof these 
chem.cally induced tumours < ™?^^hicta was recently 
retrovirus-associated oncogenes ,s «*A jrmch ^ 

shown to be *°™?* OM ™?*°^?™*EGF receptor 
eoidermal growth factor (EGF) receptor . me cw . 
and p?85 hro similar molecuiar weignts. and 

D.F.S. and R. Negrin. "P™^"* f'^^eu oncogenes, 
a possible relationship between ero-fl and ^ e "™ fl * 
We report here on the homology of the «« and <£f £™ 
and ob the relationship of pl85 to an ero-B gene product, tn 
EGF receptor. 

Homology with erb-B 

of NIH 3T3 ceils, each ot which had been y D N ^ 

' „_ af th e rat neuro/gl oblastoma cell lines, me u»« 

Served P"*-** •£ ^0^^^^ 
5KX rp^n m^s^ller amount in untransfected 

N %2^ F S^ cne rac and mouse homo^gues 
and to ensure that the large £«RI segments shown .n Fig. \c. 
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c- 1 Southern blot analysis of w*-fl-relaied sequences in 
S?H Ti cet «r*.orm«» with rat neuro/ glioblastoma DNAs 
NIHjTj ceils analysed were obtained from the 

EcoRl digesuon. The DNAs a"***™ ■ transI -e«ams 

following: J/^nSi transieetan., of BI04 

restriction fragments are shown ion to * it ^ 
Method* Hi^o'^'^^^^^pHo^! ,„ 0.9% 
endonuciease fcoRl. f ^V^ i J^J^^ paoer. The niters 
agarose gels, and transtetred to "'^"^^e. 5*SSC?E. 
were hybridized at low »™«^^^°J^ B Nft-ll I J-U» 
«-a for 36h with an -^%^% U Bi £tnias.ated wish 
subclone oi avian erythroolastosu «ra ' at :0*C for 



„ of donor rat origin, we 

cells with ^^. to "iS£««f«w* «lls 
blot analysis. This analysis co nnmed ™ A seffBenl 

carry an acquired 4.4-lcilobasetkb) ^MPtoU* * 
Si has no counterpart in the sho wn 
ceiU(Bg.2),Thus, ^^f^ segment 
to express high levels of P l *VT ^fl orobe Because these 
exhibiting some homology wiih the erb-B probe, dec* 



Cell lines 

BI04 

B32 

850 

BI5 - 
B65 

B104-I-I 
NIH3T3 
Ra«Bl04)-2 
Ran B 104)- 3 
RailBl04)-t 

Rat- 1 
WTCL4 

A43I 
PC3 
MCF7 
EJ 

G361 
HII35 



T|h|[ . ^ «a,n,n« of « and human ceil lines by amibody 



neu detected by transfection 
neu not detected by transfection 
1 *" DNA 



Description 

neu ~ rat neuroblastoma | 
neu " rat neuroblastoma > 
neu* rat neuroblastoma J 
neu' rat neuroblastoma \ 
neu' rat neuroblastoma f 
NIH 3T3 transfectant of neu 
Mouse fibroblast cell line^ 
Rat- 1 transfectant of neu* DNA 
Rat- 1 transfectant of neu ^ DNA 
Rat- 1 transfectant of neu' DNA 
Rat fibroblast cell line 

Rous sarcoma virus-induced rat neuroolastoma 

Human cervical carcinoma line 

Human prostate carcinoma line 

Human breast carcinoma line 

Human bladder carcinoma line 

Human colon carcinoma Une 

Human meianoma iine 



Immunofluorescence 



, mmun o rt uoresc.nce w„q«nuneo 
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ceil lines derive from several independem cransfections of four 
different neuro/ glioblastoma tumour DNAs. we concluded, as 
we had speculated, that a common oncogene is present in the 
genomes of the four donor neuro/ glioblastomas. 

The erb-3 oncogene probe reacts with at least two fragments 
produced by Eco RI cleavage of rat ON A (Fig. la. d) which are 
respectively 7 and 34 kb long iM-C. Hung and A.L.S.. unpub- 
lished results). The 34-kb fragment is of identical size :o the rat 
DNA segment found in transfected NIH 3T3 ceils and must 
represent the normal counterpart to the DNA segment bearing 
the neu oncogenes. Because ccoRI does not inactivate the neu 
oncogene (C Shih and R.A.W., unpublished results), we con- 
clude that this oncogene ties entirely within the 34-kb £coRI 
fragment. The 7-kb erb-fl-reiated DNA segment may represent 
a distinct but related gene. The Southern blot analysis does not 
indicate which of these erb- 5- homologous segments encodes 
the EGF receptor, so that we could not conrlrm whether the neu 
gene is identical with, or only reiated to, the gene encoding the 
EGF receotor. 



pl85 and EGF receptor are related 

The homology between erb-B and neu suggested that the EGF 
receptor, a known erb-B gene product, might be reiated to pi 85, 
the protein induced in ceils transfected with neu. Two different 
antibody preparations were used to examine this possibility. 
Monoclonal antibody 7.16.4 was derived from mice immunized 
with B 104-1-1 ceils (a cell line derived by two serial passages 
of the neu oncogene through NIH 3T3 ceils: ref. 4). The reac- 
tivities of the 7.16.4 antibody are indicated by the immuno- 
fluoresence data shown in Table I. The antibody recognizes a 
ceil -surface determinant displayed by rat neuro/ glioblastomas, 
by a variety of normal and transformed rat cell lines and by 
NIH 3T3 ceils transformed by the rat oncogene: it does not 
react with normal NIH 3T3 cells or with a variety of human 
rumour ceil types, including the A43I cells known 1 Ja * to display 
large amounts of EGF receptor. The 7.16.4 antibody appears to 
react with a rat-sped nc determinant of p 1 85. Further characteriz- 
ation of this antibody is reported elsewhere 11 . The second source 
of antibody was- polyclonal anu- EGF receptor serum raised 
against EGF receptor punned from human A43I cells: this 
serum reacts with human and rodent EGF receptor 13 . 

We used these sera to elucidate the relationship between the 
EGF receptor and pi 85. Lysates of B 104-1-1 ceils, metaboiicaily 
labelled with 3i S-cystetne, were incubated with normal mouse 
serum, serum 7.16.4 or anti-EGF receptor serum: pi 85 was 
precipitated by the 7. 16.4 serum ( Fig. 3n) t but not by the control 
serum vFig. 3g). Incubation with anti-EGF receptor serum (Fig. 
30 yielded a protein that co-migrated with pi 85. This suggested 
that the pi 85 induced by the rat neu oncogene shares antigenic 
determinants with the human EGF receptor. 

To conrirm that the two immune sera recognize the same 
protein in B 104-1 -I ceils, labelled lysates cleared by incubation 
with one antibody were subsequently reacted with the other. 
For example, the supernatant remaining alter incubation with 
antibody 7.16.4 was then reacted with the anti-EGF receptor 
serum, which did not precipitate a 185K protein from the lysate 
(Fig. 31). However. anti-EGF receptor did precipitate the 185K 
protein from a lysate cleared with normal serum (Fig. 3k). 
Similarly, pi 85 could be precipitated by 7.16.4 serum from a 
lysate that had been cleared with normal serum (Fig. 3m i. but 
not from a lysate that had been cleared with anti-EGF receptor 
serum (Fig. 3n). (The decreased intensity of specific and non- 
specific bands in lanes k to n of Fig. 3 compared with lanes ? 
to j indicates that nonspecific losses occurred during the second 
round of immunoprecipitation.f These results conrirm that an 
anti-EGF receptor serum reacts with pi 85. Thus, we conclude 
:hat pi 85 and EGF receptor have antigenic determinants in 
common. 

Although pi 85 and EGF receptor are serologically related, 
'hey have different electropnoretic mobilities. The rat EGF 
•eceptor has an apparent M f of -170.000. while pi85 is some- 
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Fig. 2 Southern blot analysis of *rd-3-related sequences: Eco RI 
plus Barn HI digestion. The ON As analysed were: a, BO IX rat 
liver: j. B 104; c 3104-1 : i, NIH 3T3. High-molecular weight ONA 
(10 tig; was digested with restriction endonucieases EtoRl and 
3am HI and analysed as described in Fig. I legend. 
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185 k - 
170 k - 



Ftf. 3 Immunoorectpitauon of pi 35 and EGF receptor. 
Lysates of "S-cysteine-labelled cells were incubated with antibody 
and subsequently precipitated. Lane a, NIH3T3 cells incubated 
with normal mouse serum (NMS): b, NIH3T3 ceils incubated 
with anubody 7.16.4: c, NIH3T3 cells incubated with anti-EGF 
receptor antiserum: 4, Rat- 1 cells incubated with NMS: «. Rat* I 
incubated with antibody 7.16.4: f w Rat- 1 incubated with anti-EGF 
receptor serum, g-n. B 104-1-1 incubated with (he following: g. 
NMS: A. antibody 7.16.4: i, anti-EGF receptor serum: y t NMS; k. 
supernatant from y, incubated with anu-EGF receptor: L super- 
natant from h. incubated with anti-EGF receptor: m, supernatant 
from /, incubated with antibody 7.16.4; n, supernatant from i, 
incubated with antibody 7.16.4. 

Methods: 3x10° ceils (BI04-1-1) or 3x10* cells ( NIH 3T3 and 
Rat- 1 ) were seeded in 60- mm culture dishes and labelled for IS h 
in 0.3 mi of Hank's minimal essential medium containing 0.1 the 
usual amount of cysteine. 2% diaiysed fetal caif serum, and 250 u.Ci 
"S-cysteine (977 Ci ramo!*' : NENt per mi. Ceils were lysed in 
phospnate-burfered RIPA buxfer containing I mM ATP. 
2 mM EDTA and -0 mM sodium fluoride and immunoprecipitates 
prepared and washed as described elsewhere^. Portions of the 
lysates were incubated with NMS i I pJ). antibody 7.16.4 (concen- 
trated. I nil or 3 ai anti-EGF receptor antiserum for 60 min. then 
with 1 jji of sheep anti-mouse immunoglobulin lOppeH. Incuoa- 
tion was continued for 30 min. after which immunoprecipitates 
were collected using rixed Staphylococcus aureus. Precipitates were 
prepared from 300.000 ceils i lanes a-/"). 60.000 cells ig. K A and 
/) or 30.000 ceils 1 1, j, m and n i. ( Samoies in ? - " were all derived 
from tne same original lysate.) Precipitates in lanes k and / were 
prepared from suoematants remaining after precipitation of the 
lysates snown in ianes ? and h. Precipitates in lines m and n were 
prepared from lysates first precioitated to yield the samoies shown 
in ianes ; ana i. respectively. The samples were analysed by ^DS- 
poiyacrviamide aei rtectrop ho rests in a 7.5% acrylamide-'). 1 7% 
bisacryiamide get. The gei was riuoro graphed- 4 and exposed to 
preriasneo rilm tor 7 days at - T 0*C. 
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ABSTRACT The neu gene is distantly related to the erbB 
gene and encodes a cell surface protein that appears to function 
as a growth factor receptor. To study the mechanisms that 
caused the conversion of the normal neu gene to an oncogenic 
allele, we have isolated molecular clones of the neu oncogene as 
well as a clone of the corresponding protooncogene. The 
transforming neu oncogene and the proto-neu gene clones 
exhibit identical restriction enzyme patterns. Amplification of 
the proto-/ie u gene in NIH 3T3 cells by means of cotransfection 
with a dihydrofolate reductase gene resulted in methotrexate- 
resistant colonies that produce high levels of normal neu* 
encoded pi 85 protein. In contrast to cells carrying low levels of 
the oncogene-encoded protein, these cells appeared normal. 
The results suggest that the lesion that led to activation of the 
neu gene is a minor change in DNA sequence and is apparently 
located in the protein-encoding region of the gene. 



Rat neuro/glioblastomas induced by transplacental injection 
of ethylnitrosourea frequently carry an oncogene that is 
detectable by transfection into mouse NIH 3T3 cells (1, 2). 
We have designated this oncogene neu (3). The transfected 
NIH 3T3 cells display a novel 185,000-dalton tumor antigen 
(pl85) that is not detected when these recipient cells are 
transformed by other oncogenes (4). The neu oncogene was 
shown to have some sequence homology with c-erbB. the 
gene encoding the structure of the epidermal growth factor 
receptor (EGF-r) (5). In addition, the encoded product of 
neu, the pl85 antigen, is serologically related to the EGF-r 
(3). The neu gene in the normal and oncogenic forms appears 
to be distinct from the gene that encodes the EGF-r (6). 

The genes encoding two growth factor receptors, the 
EGF-r and the receptor for the mononuclear phagocyte 
growth factor CSF-1, have been found to be activated into 
oncogenes (7, 8). In each case, these activations have 
involved major changes in the structure of these genes. 

As an initial step toward studying the activating mecha- 
nism(s) of neu, we have used molecular cloning to isolate the 
oncogenic alleles of the neu gene from two rat neuro/glio- 
blastomas cell lines and the normal allele from rat liver DNA. 
The present resulis indicate that oncogenic activation of the 
neu gene in these rat tumors occurred by means of quite 
different processes that creates minimal changes in protein 
structure. 

MATERIALS AND METHODS 

Construction and Screening of Cosmid Library. Cosmid 
libraries were constructed essentially according to the pro- 
tocol of Ish-Horowitz and Burke (9). Genomic DNA was 
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isolated from the cell lines, digested with EcoRl to comple- 
tion, and loaded onto a 13-ml 1.25-5.0 M NaCl (10 mM 
TrisHCl, pH 8.0/1.0 mM EDTA) exponential gradient. 
Centrifugation was for 4 hr at 40,000 rpm at 25°C in an SW 
40.1 Beckman rotor. Twelve fractions were collected, ali- 
quots were taken, and the size of the DNA was analyzed by 
gel electrophoresis. Three fractions containing DNA in the 
size range of 30-40 kilobases (kb) were combined. 

The 30- to 40-kb EcoRl segments were ligated to the arms 
of the cosmid vector pSAE (10), as generated by partial 
EcoRl digestion. The DNA was packaged by using the 
extract and protocol from Promega-Biotec (Madison, WT). 
Transduction was carried out as described by Grosveld et al. 
(10) with Escherichia coli 1046 as host. 

The library was screened according to published tech- 
niques (11), using as probe a gel-purified Sac l/Pvu II 
fragment of avian erythroblastosis virus (12). This probe is 
erbB specific and reacts with DNA containing the neu 
oncogene (3). Hybridization was carried out at low stringency 
(30% formamide/0.75 M NaCl/75 mM sodium citrate, pH 7.0. 
42°C) for 36 hr. The filters then were washed three times at 
20°C for 10 min and at 50°C for 4 hr with 0.3 M NaCl/30 mM 
sodium citrate/0. 1% NaDodS0 4 . 

Southern Analysis. Southern blot analysis was performed 
essentially according to published techniques (11). The ni- 
trocellulose filters were hybridized at high stringency (50% 
formamide/0.75 M NaCl/75 mM sodium citrate. 42°C) for 36 
hr and then were washed twice at 20°C for 5 min in 0.3 M 
NaCl/30 mM sodium citrate and at 65°C for 1 hr in 15 mM 
NaCl/1.5 mM sodium citrate/0.1% NaDodS0 4 . 

Immunoprecipitation. Immunoprecipitation of pl85 was 
carried out by using lysates of ceils that were metabolicaily 
labeled with [ 35 S]cysteine as described in detail (3). 

Transfection of Cloned DNA. DNA transfection into mouse 
NIH 3T3 cells was carried out by the calcium phosphate 
precipitation technique of Graham and van der Eb (13) as 
modified by Anderson et aL (14). After 2 weeks, foci of 
morphologically transformed cells were scored and analyzed. 
Cotransfection with pSV2-DHFR* plasmid (kindly provided 
by Heidi Stuhlmann) was performed at a molar ratio of 1: 10 
with the cNeu-p clone carrying the normal allele of neu 
according to published procedures (15). The pSV2-DHFR* 
plasmid contains an altered mouse dihydrofolate reductase 
(DHFR) cDNA (15) that displays abnormally low affinity for 
methotrexate (MTX). NIH 3T3 cells (8 x 10 5 ) in a 10-cm plate 
were exposed to 10 \x% of the cNeu-p clone and 0.1 of the 
pSV2-DHFR* clone. After 24 hr the cells were split into 10 
10-cm plates and grown in the presence of 0.6 jxM MTX in 
Dulbecco's modified Eagle s medium containing 10% dia- 
lyzed calf serum. The medium was changed every 3-4 days. 



Abbreviations: DHFR. dihydrofolate reductase: MTX, methotrex- 
ate; kb. kilobase(s); EGF-r. epidermal growth factor receptor. 
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The MTX-resistant colonies were subcloned with glass cyl- 
inder cloning rings after 12-14 days. 

RESULTS 

We wished to obtain a molecular clone of the neu oncogene 
that demonstrated transforming activity. Our previous work 
showed that the biological activity of the neu oncogene is not 
inactivated by endonuclease EcoRl (1). This suggested that 
the entirety of the gene lay within a single £coRI segment 
whose size we estimated was >23 kb (3). Consequently, we 
attempted to isolate by molecular cloning this EcoRl segment 
with the hope that it would contain a biologically intact neu 
oncogene. 

In devising a cloning strategy, an accurate size determi- 
nation of this EcoRl segment was needed. To obtain this, we 
studied DNAs from B103-1 and B104-1 cell lines that had 
been transfected with B103 and B104 tumor DNAs. respec- 
tively. These DNAs were digested with £coRI and size- 
fractionated by electrophoresis through low-composition 
(0.4%) agarose gels. Analysis by Southern blotting using an 
erbB probe (12) revealed that the large rtf w-containing EcoRl 
segments were about 33 kb in size (data not shown). Because 
\ phage vectors are unable to carry DNA segments of this 
size, we therefore turned to a cosmid vector capable of 
packaging DNA within the 30- to 40-kb size range. In 
particular, we chose to employ the cosmid vector pSAE (10) 
since arms generated by partial £coRI cleavage of its DNA 
should be able to carry insert DNA in the range of 30-40 kb. 

Libraries were constructed from the genomes of the two 
NIH 3T3 transfectants deriving from transfer of the B103 and 
the B104 neuroblastoma DNAs since these transfections 
resulted in the insertion of multiple copies of the neu 
oncogene in the recipient cell genomes (3). We further 
attempted to package only £coRI-digested DNA of 30-40 kb 
in size that had been enriched by gradient centrifugation. The 
resulting cosmid libraries were screened with an erbB probe 
that is crossreactive with neu (3). Each of the positive clones, 
designated cNeu-103 and cNeu-104, contains a 33-kb £coRI 
insert. 



We wished to determine whether these clones were capa 
ble of oncogenic transformation of NIH 3T3 cells. To tha 
end, we transfected 1 fxg of the cloned DNA by the calciun 
phosphate precipitation technique (13) and after 2 week* 
scored foci of transformed cells. Approximately 300 foe 
appeared in the monolayer cultures of NIH 3T3 cells that haw 
been transfected with the cNeu-103 or the cNeu-104 clone 
These foci largely contained cells that were extremel: 
refractile. Fig. 1 shows representative cell lines derived fron 
such foci. 

Further work confirmed that these foci of transformed cell 
contain the intact transfected neu DNA and the encodei 
tumor antigen pl85. Fig. 2 shows a Southern blot analysis c 
the DNAs of these cell lines and immunoprecipitation o 
metabolically labeled cell lysates. As can be seen, th 
putative transfectants all carry the 33-kb EcoRl DNA seg 
ments associated with the neu oncogene and express th 
oncogene-encoded pl85 protein. 

To study the activating mechanism of neu, we isolated 
molecular clone of the normal allele of neu by screening 
cosmid library constructed from normal BDIX rat liver DNA 
The resulting clone, designated cNeu-p, also carries a 33-k 
£coRI insert that exhibits the same restriction pattern as th 
cNeu-103 (Fig. 3). In fact, analysis of 50 restriction enzym 
sites revealed no differences between the normal an 
oncogenic clones of the gene (not shown). 

The oncogenic transforming ability of the normal clone c 
neu was tested by transfection into NIH 3T3 cells. No ft* 
could be detected. Cotransfection of this normal clone wii 
the neomycin-resistance gene resulted in colonies that pre 
duce a pl85 antigen that migrates similarly to the antige 
found in oncogene-transformed cells (see below). These eel- 
were not morphologically altered. Thus, NIH 3T3 cells th; 
have obtained the normal rat allele by means of transfectio 
express a normal version of the rat pl85 that apparently lack 
the ability to induce morphological transformation. 

These data suggested that a subtle change in the structur 
of the neu gene resulted in its conversion to an acti\ 
oncogene. Other growth factor receptor genes have bee 
converted to active oncogenes following gene amplificatio 
or mutations that cause substantial rearrangement in protei 




Fig. 1. Morphology of neu 
NIH 3T3. (A) cNeu-103-1. a trans- 
fectant containing the cNcu-103 
clone. (B) cNeu-104-1, a iransfect- 
ant containing the cNeu-104 
clone. (O DHFR/G-8. a transfect- 
ant containing the cNeu-p clone 
and pSV2-DHFR* plasmid (D> 
Untransfected recipient NIH >T3 
cells. (*5(U 
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• <c 1 (A) Southern analysis of neu NIH 3T3 transfectants. DNA was isolated from indicated sources, digested with £coRI, and analyzed 
hv Southern blotting probing with a 4.0-kb BamHl segment of cNeu-103 that has been shown to be erbB homologous (3). Ten micrograms of 
n'NA was loaded on each lane. Lane 1, BDIX rat liver; lane 2. NIH 3T3 cell; lane 3, cNeu-103-1, a transfeciant containing the cNeu-103 clone; 
£ne 4 cNeu-104-1. a transfeciant containing the cNeu-104 clone; lane 5, DHFR/G-8, a cell Une derived from cotransfection of cNeu-p and 
nSV2-DHFR*: lane 6. B 104-1. (B) lmmunoprecipitation of pl85. Lysates of [»S]cysteine-labeled cells were incubated with either prcimmune 
(lanes 1 3 < 7 9. and 14-16) or anti-pl85 monoclonal antibody 7.16.4(16) (lanes 2, 4, 6, 8, and 10-13) and subsequently precipitated and analyzed 
by NaDodSO, gel electrophoresis. Lanes 1 and 2. Rat-1 cells; lanes 3 and 4, NIH 3T3 cells; lanes 5 -md 6 c Neu- 103-1; lanes 7 and 8, cNeu-104-1: 
lanes 9. 10. 13 and 16. B104-1; lanes 11 and 14. DHFR/G-6; lanes 12 and 15, DHFR/G-8; DHFR/G-6 and DHFR/G-8 are two independent 
cell lines containing cNeu-p and pSV2-DHFRV The arrows show the position of pl85. 



aicture (7. 8. 17, 18). We wished to see whether a dereg- 
. .dtion of neu expression, such as that which might arise 
following gene amplification, might explain the transforming 

1 ■» 3 4 5 6 7 8 9 10 11 



powers of this gene. We therefore selected cells containing a 
high copy number of the normal neu clone by cotransfection 
of this clone with the pSV2-DHFR*. a clone of the DHFR 
gene. . 

Transfection of the DHFR clone followed by application of 
MTX allows selection of cells that have acquired a high copy 
number of the DHFR gene and of the cotransfected DNA 
(19). Six of 12 MTX-resistant colonies that were picked 
contained amplified neu sequences and high levels of pi 85. 
Fig. 2 shows the analysis of protein lysates from two cell lines 
derived from these colonies. These two cell lines exhibit the 
highest levels of gene amplification and antigen expression. 

One of these two cell lines contains a 50- to 100-fold higher 
gene copy number than that of normal rat liver DNA and 
about 10-fold higher levels of pl85 antigen than do colonies 
transformed by the cNeu-103 or cNeu-104 clone. Important- 
ly, this colony was morphologically indistinguishable from 
untransfected NIH 3T3 cells (Fig. 1). The fact that very high 
level expression of the normal pl85 antigen cannot alter the 
morphological phenotype of NIH 3T3 cells suggests that 
mutations leading to overexpression of the neu gene will not 
lead to oncogenic activation. We conclude that the alterations 
that activated the neu oncogene likely affect the structure of 
pl85 rather than its regulation. They should eventually be 
found in the protein-encoding region of this gene. 




Fig. 3. Restriction pattern of cNeu-103 and cNeu-p clones. The 
cNeu-103 and cNeu-p clones were digested with £toRI, and the 
33-kb EroRI inserts were gel-purified. The 33-kb £coRI inserts were 
run on the agarose gel (lanes 2 and 3» or digested with BamHl (lanes 
4 and 5). B#l I < lanes ft and 7). ///mil 1 1 ( lanes 8 and 9). and Xho I (lanes 
10 and 11) and then fractionated by gel electrophoresis. Lanes 2, 4, 
6. 8, and 10. cNeu-103: lanes 3. 5. 7. 9. and 11. cNeu-p. X HindWX 
markers are shown in lane 1. 



DISCUSSION 

We present here the molecular cloning of biologically active 
transforming and normal alleles of the neu gene. The fact that 
the entire neu gene resides in a single piece of 33-kb EcoRl 
fragment made it easy to construct a library that contains 
highly enriched neu gene. Using the 30- to 40-kb EcoRl 
fragments isolated from the primary mouse transfeciant to 
construct the cosmid library, we found that = 1 of 1000 
colonies in the library contained the neu oncogene. 

A high level of gene amplification of certain genes has been 
achieved by cotransfection with the DHFR gene followed by 
long-term growth in the presence of continually increasing 
concentrations of MTX (19). Such selection can be laborious 
and time-consuming. We describe here the success of gene 
amplification with a high copy number in a single step 
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selection. By cotransfecting the cNeu-p and pSV2-DHFR* 
clones and directly selecting the MTX-resistant colonies in 
relatively high concentrations (0.6 pM) of MTX, we have 
isolated the DHFR/G-8 cell line that contains =50-100 
copies of cNeu-p and expresses a high level of pl85 protein. 

The DHFR/G-8 cells that contained amplified cNeu-p 
produced 10-fold higher levels of pl85 than cells oncogeni- 
cally transformed by cNeu-103 or cNeu-104. The fact that 
this very high level expression of normal pl85 antigen does 
not morphologically alter the recipient NIH 3T3 cells sug- 
gests that the activation of the neu gene derives from a 
mutation in the protein-encoding region of the gene. The 
resulting altered pl85 protein is able to induce transforma- 
tion, even when it is expressed at relatively low levels in the 
cell. 

The normal and oncogenic forms of the neu gene have no 
detectable differences in overall structure, as judged by 
extensive restriction endonuclease mapping. This shows that 
activation of the gene in the rat neuro/glioblastomas involved 
a very subtle change in DNA sequence. This idea is further 
supported by the data showing that the molecular weights of 
the pl85 protein encoded by the normal and transforming 
alleles are very similar in size, as judged by NaDodS0 4 gel 
electrophoresis (Fig. 2). 

One further clue concerning the nature of the activating 
lesion is provided by the fact that the carcinogen used to 
induce the rat neuro/glioblastomas was ethylnitrosourea, a 
known point mutagen (20). Taken together with the other 
data presented here, this suggests that subtle changes in pl85 
protein structure, like those found in the ras-encoded p21 
proteins (21-28), may contribute to the outgrowth of certain 
types of tumors. 
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ATCC HTB 19 (continued) 

Nod* mo«: Forms gr.de 11 adenocarcinomas consistent with primary nummary cancer. 
HLA «D Un, phemMype: Al; »* ,6 * R - EFERESC r. S EED STOCK PREPARED AT ATCC 
Number of Serial Subcultures from Tissue of Origin: 286. 
FrmVM«Uuoi: Culture medium. 95%; DMSO. 3%; antib.otic-free. 

Sr^Mel,.: Eagle's ntioi^um essential medium with oon-esscnual amino acids, sodium pyruvate and Earle's BSS. 90%; 

fetai bovine seruin. 10%; antibiouc-free. _ _ - , . , 

beamy*: POM,. I: POM,. I: ES D. 1: AKI. 1-2; G6PD. B; GLO-l, 1-2. 
Pbaaotypc Frequency Product: 0.01 15. 

Sterility: Tests for mycoplasma, bacteria and fungi were negative. 
Species: Confirmed as human by isoenzyme analysis. 

ATCCHTB20 BT^474 (Dnctnl enrdnomn, breast. Human) 

Cmot fa , ocownJ,.-. RPMl 1640 with bovine insulin. 10 jh/bu. 4nd g hnimine. 300 mg/L, 90%; fetal bovine 

lKT ^' i^,. KM WM ;, Qllled DV £. Lasfarguea and W.G. Coutinho (J. Nil. Cancer lose 61: 967-978, 1978) from a soBd, 
The BT-474 line was isolated by M y^,^ feoute patient. The ecus varied greatly in size and bad 

invasive f^^~ of ! c h ^[^^r D ^.^ov^, ffibrill^o'mes, otmiophiUc seexetory'SEuks, domoeomea, 
large awl« *«h one or more "«leoiuj Wicr. JJJJJ^'^^^ by electron microeeopy. The BT-474 is reportedly 

3TSST £ fouolCbe^Sie « nZi mammary tumor virus (RUI-MuMTV) and can support h. replicanon (In Vitro 
IS: 723-729. 1979). CHARACTERISTICS REPORTED FOR TRANSFERRED STOCK 

Patient Date: Age-60; Sex-Female; Raee-CaucasUn. 
Treatment: Surgery. 

Grown as: Adherent patches of epiihehal cells. 

vf^Lloer- Enhbelial (comoacTmulu-Uycred colonies, rarely become confluent). 

i£7<ES 5* r«g? 5*112 (originator)- Biomodnl shift 58-39 and 100 in Inter passage, wan 3 marker ehromoaome, 

(Peteooo) - REFERENCE SEED STOCK PREPARED AT ATCC 

Number of Serial Subcultures ^J^*™*? Sl * 
Frees* Medluaa: Coltore medium, 95%; DMSO. 3%. 

S^M^S2 RPMl 1640 medium. 90%; fetal bovine -rum, ,10* bovine inruln. 10 w/ml; glutamic. 300 mg/L. 
£oS^t»«G6PO. B; PGM,. 1; PGM,. I; ES D, 1; Ma-2. 0; AKI. 1: GLO-l. I. 
Fbe^ypeFrteje^ftodnet: 0.0426. ««tiva. 
SeesOuy: Tests for mycoplasma, bacteria and fungi were negative. 
: Confirmed as human by isoenzyme analysis. 



ATCC HTB 22 MCF7 (Breast adenocarcinoma, pleural effusion. Human) _ 

Cnrrmt medio*, for nroocearion: Eagle s MEM with non-eascntial amino adds, sodium pyruvate and Earlrt BSS, 90%; fetal 

** n " a ' , , - . „_„ in Easier m : »inv"" essential medium with non-essential amino acids, 20 lt% 

J2 olrSafon o?,his line (H.D, Soul. «±JJ<~^^'^% 

1973) Ith» retainedseveral characuristies of differentiated mammary epithelium including ability to process estradiol vu 

C^McGrath in April .911 He ha, indicated Urns the line may 

Patient Dau: Agc-69; Sex-Female; Race-Caucasian, Blood Type-O*. 
Treatment: Radiation and hormone therapy. 
Grown as: Monolayer, transferred 1:2 weekly. 
Morphology: Epithelial-like. . „» _ „ , 

ICaryology: Chromosome Frequency Distribution 50 Cells: 2n « 46. 

Cells: 1 | 2 2 4 2 3 I 3 3 7 4 6 3 2 2 

Chromosomes: 66 70 72 73 75 76 77 78 SO 81 82 83 84 85 S6 87 

The «emr,ne eh«m«ome S 

g£ of metaphasel No DM', were detected. Chrornc^™ No. 20 was nui^nuc and X was diaomie. 
boensymea: PGM,, I; PGM,. 1-2; ES D. 1-2; AKI. 1; GLO-l. 1-2; G6PD. B. 

200 



